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Abstract 6 
Objective: In the general population, physical and mental stress factors are linked to 7 
chronic low back pain (LBP). The aim of the present study was to examine this 8 
association among athletes.  9 
Design: Longitudinal study with a six-month interval between measurements. 10 
Setting: Questionnaires were filled out at home, either in paper-pencil version or online. 11 
Participants: Eighty-two male and 57 female athletes (N = 139, MAge = 32.24) who 12 
exercise on a competitive (n = 102) or recreational level (n = 37), with a weekly training 13 
volume of at least three hours.  14 
Main Outcome Measures: At T0, stress parameters were assessed via the Recovery-15 
Stress Questionnaire (RESTQ-Basic-48) and the Screening Scale of the Trier Inventory 16 
for the Assessment of Chronic Stress (TICS-SSCS). At T0 and T1, different 17 
chronification indicators were measured. Based on these assessments, the sample was 18 
split into a chronification and no-chronification group. 19 
Results: ANCOVAs were used to conduct group comparisons with regard to stress 20 
levels. The chronification groups showed higher stress values for all chronification 21 
indicators. For the variables Physical Complaints and Overall Stress-TICS, the group 22 
differences became significant (p < .05).  23 
Conclusion: A relationship between stress parameters and LBP chronification was 24 
demonstrated among athletes for the first time.  25 
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INTRODUCTION 29 
Low back pain in athletes 30 
Athletes are frequently confronted with physically challenging tasks. The performance 31 
of uncontrollable and demanding movements (e.g., body checking in ice hockey) is part 32 
of the training and competition routine in both contact and noncontact sports. As a 33 
result, athletes repeatedly suffer from persistent strains, especially in the lower back 34 
(Foss, Holme, & Bahr, 2012). 35 
Trainor and Trainor (2004) summarized etiologic data from different studies comparing 36 
athletes’ low back pain (LBP) prevalence rates. Several factors (e.g., age, type of sport) 37 
seem to affect the development of LBP. Bahr et al. (2004) demonstrated that endurance 38 
athletes in sports like rowing or cross-country skiing revealed a higher rate of LBP 39 
compared to nonathletic control groups. Their findings suggest that LBP appears to be a 40 
considerable burden across the abovementioned disciplines, with lifetime prevalence 41 
rates ranging between 51 % and 65 %. Specifically, a regular hyperextension of the back 42 
(e.g., figure skating, tennis) can cause injuries in the spine region and back-related 43 
problems (Bono, 2004; Hoskins, 2012; Schmidt et al., 2014).  44 
Furthermore, a transition from acute LBP into a chronic condition may lead to several 45 
detrimental consequences. An ongoing chronification of LBP can result in diminished 46 
performance, injuries, and muscular deficits with regard to strength and flexibility 47 
(Ashmen & Swanik, 1996; de Jonge & Kramer, 2014; Nadler et al., 2002). Persistent 48 
LBP may even lead to a dropout of affected athletes and under elite conditions, to a loss 49 
of their main occupation (Hopkins & White, 1993; Maffulli, Longo, Gougoulias, 50 
Loppini, & Denaro, 2010). Approaches to cope with chronic LBP in athletes are 51 
primarily based on biomechanical and anatomical theories, as the development of 52 
chronic LBP in athletes is largely explained by these physiological approaches (Bahr et 53 
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al., 2004; Daniels, Pontius, El-Amin, & Gabriel, 2011). Nevertheless, many athletes 54 
continue to suffer from pain and disability symptoms without underlying tissue 55 
pathology (Iwamoto, Takeda, & Wakano, 2004). For athletes, Puentedura and Louw 56 
(2012) recommend a biopsychosocial approach of LBP examination with a special focus 57 
on psychosocial factors. Hoskins (2012) and Wiech, Ploner, and Tracey (2008) state that 58 
psychological and stress-related factors can potentially be associated with a 59 
chronification of LBP among athletes. 60 
 61 
Stress in the world of sport 62 
Stress is a multifaceted and omnipresent phenomenon for athletes. External factors 63 
influence an athlete’s experience of stress, for example extensive travel times or a high 64 
training volume. Several influences interact and require the athlete’s physiological and 65 
psychological resources (e.g., stamina, concentration) (Hanton, Fletcher, & Coughlan, 66 
2005; Mellalieu, Neil, Hanton, & Fletcher, 2009). A subsequent stress response can 67 
manifest on a physiological, emotional, social, or cognitive level (Buckworth, Dishman, 68 
O'Connor, & Tomporowski, 2013). In case sufficient recovery fails to appear, chronic 69 
stress can develop contributing to several detrimental outcomes (Kellmann, 2000, 70 
2002). Dysfunctional stress patterns among athletes can generate health-related 71 
problems that could lead to severe diseases. For example, they may affect the immune 72 
system (Clow & Hucklebridge, 2001), the mental health (Hughes & Leavey, 2012), and 73 
the musculoskeletal system (Brenner, 2007; Galambos, Terry, Moyle, Locke, & Lane, 74 
2005). 75 
For LBP, there is a paucity of studies examining the association with stress in sport 76 
participants, although the relationship between acute and chronic LBP and different 77 
facets of stress has been comprehensively studied in the general population (Linton, 78 
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2000; Pincus, Burton, Vogel, & Field, 2002). Identically, the role of stress has been 79 
considered in thematically-related fields, such as injuries among athletes (Andersen & 80 
Williams, 1999; Galambos et al., 2005; Laux, Krumm, Diers, & Flor, 2015; Williams & 81 
Andersen, 2007). Only Galambos et al. (2005) emphasize the impact of mood and stress 82 
factors for the prediction of back pain. The findings are in line with the assumptions 83 
from other research in this field (Hoskins, 2012; Puentedura & Louw, 2012; Standaert, 84 
Herring, & Pratt, 2004) and underline a potential association between stress and LBP in 85 
sport samples. 86 
For this reason, the purpose of the present study was to examine the role of stress in the 87 
context of LBP chronification among athletes. Specifically, we investigated the 88 
prediction of different facets of stress with regard to pain and disability indicators of 89 
LBP chronification. It was hypothesized that athletes with higher physical and 90 
psychological stress loads tend to show LBP chronification over time. To the best of our 91 
knowledge, neither for the onset of LBP, nor for the chronification of LBP, stress-related 92 
factors among athletes have been examined.  93 
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METHOD 95 
Participants 96 
The a priori sample size calculation was carried out with the program G*Power 3.0 97 
(Faul, Erdfelder, Lang, & Buchner, 2007). We used a conventional alpha of .05 and a 98 
power of .80 with an allocation ratio of 1 regarding the groups. The smallest effect of 99 
interest was fixed at a medium to high level of d = 0.6 (Cohen, 1992). We followed the 100 
guidelines suggested by Noordzij et al. (2010) to specify the parameters of the sample 101 
size calculation. Finally, a total minimum sample size of 90 participants was required to 102 
ensure the determined effect size. 103 
The sample consisted of 139 athletes (MAge = 32.24, SDAge = 11.32). The distribution of 104 
gender was relatively balanced, with 57 women in the athletic group. To note, the 105 
athletic sample formed a subsample of a study of the X project in the context of X. 106 
Basic inclusion criteria to be eligible for participation were: (a) at least 18 years old; (b) 107 
the presence of nonspecific LBP, based on the self-assessment of the athletes; and (c) 108 
the participation in some form of prescribed active exercise therapy (e.g., 109 
physiotherapy) with a health care professional. Participants were excluded based on the 110 
following conditions: (a) rheumatic diseases; (b) acute fractures; (c) infections; (d) 111 
tumors; (e) diagnosed herniated disks with paresis; (f) pregnancy. The overall sample at 112 
the first measurement point (T0) included 267 participants with both an athletic and 113 
nonathletic background, as a comparison between those two groups was anticipated in 114 
the first place. At the six-month follow-up (T1), the sample consisted of 172 participants 115 
(athletes and nonathletes), with 139 individuals being categorized as athletes. For the 116 
classification as an athlete, individuals had to fulfill two minimum criteria: (a) a certain 117 
competition level (at least recreational level); (b) weekly training volume (at least three 118 
hours). If either the competition level or the training volume did not meet the required 119 
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benchmarks, the participant was not classified as an athlete in this study. Based on these 120 
standards, participants were labeled as either competitive (n = 102) or recreational (n = 121 
37) athletes. Athletes assigned to the competitive group engaging in competitions on a 122 
national or even international level with a weekly training volume of at least five hours. 123 
In contrast, athletes in the recreational group (n = 37) participated in regional 124 
competitions and had to train at least three hours a week. The allocation criteria for the 125 
athletic assignment were derived from basic definitions of an athlete and physical 126 
activity (Haskell et al., 2007; Weineck, 2009).  127 
 128 
Materials 129 
Chronification variables 130 
 Two pain characteristics and one comprehensive disability indicator targeting the 131 
LBP region were measured with the scales Characteristic Back Pain in the Last Three 132 
Months, Average Back Pain in the Last Three Months, and Disability Score in the Last 133 
Three Months. The scales were gathered from the validated German version of the 134 
Chronic Pain Grade (Klasen, Hallner, Schaub, Willburger, & Hasenbring, 2004) which 135 
was originally developed by Von Korff, Ormel, Keefe, and Dworkin (1992). We used 136 
the validated translation of the scales to guarantee for the generalizability of the results. 137 
For both pain and disability, a composite score can be created. The calculation 138 
procedures are based on the German version of the Chronic Pain Grade (Klasen et al., 139 
2004). This instrument entails the two factors Characteristic Back Pain Intensity and 140 
Disability Score in the Last Three Months. Three different dimensions form the 141 
Characteristic Back Pain Intensity factor, namely Average Back Pain Intensity in the 142 
Last Three Months, Intensity of Back Pain in the Last Three Months, and Intensity of 143 
Back Pain at the Moment. All pain items range from 0 (no pain) to 10 (pain as bad 144 
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could be). The reliability analysis yielded a good internal consistency score of α = .83 at 145 
T0. Identically, the Disability Score in the Last Three Months can be formed. The 146 
disability parameter is operationalized via three different statements, which refer to the 147 
previous three months: (a) the number of days with disability; (b) disability-related 148 
interference with daily activities; (c) changes within the work, social and leisure time 149 
setting due to a perceived disability. Again, the scales range from 0 (no interference) to 150 
10 (unable to carry on any activities). Based on the disability points obtained from these 151 
data, an overall Disability Score in the Last Three Months can be calculated. A 152 
Cronbach’s alpha of α = .87 described the internal consistency of the disability scale. 153 
Validity analyses by Klasen et al. (2004) produced moderate statistical associations 154 
between the pain and disability scales and other clinical variables and measures. 155 
Stress variables 156 
For this study, the Overall Stress dimension of the German version of the Recovery-157 
Stress Questionnaire Basic with 48 items was utilized (RESTQ-Basic-48; Kallus, 2016). 158 
An Overall Recovery factor also exists. In the context of this study, only the Overall 159 
Stress scales have been considered, as the current research mainly focused on stress-160 
related parameters. 161 
The Overall Stress dimension entails seven scales, with each scale consisting of four 162 
items. These scales are General Stress, Emotional Stress, Social Stress, 163 
Conflicts/Pressure, Fatigue, Lack of Energy, and Physical Complaints. Participants have 164 
to specify the frequency of certain events within the time frame of three days on a 165 
Likert-type scale with values ranging from 0 (never) to 6 (always). For each scale, an 166 
average value is calculated. For this sample, all scales at least show acceptable internal 167 
consistencies, ranging from α = .67 to α = .90. Moreover, the RESTQ-Basic has 168 
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demonstrated its discriminant and convergent validity with several psychological and 169 
physiological instruments within multiple populations (Kallus, 2016).  170 
As a second measure of stress, the participants had to fill out the Screening Scale of the 171 
Trier Inventory for the Assessment of Chronic Stress (TICS-SSCS; Schulz, Schlotz, & 172 
Becker, 2004). The TICS-SSCS consists of 12 items, which include the stress domains 173 
of Chronic Worrying, Work-Related Overload, Social Overload, Excessive Demands, 174 
and Lack of Social Recognition. This screening instrument assesses the frequency of 175 
self-perceived overall stress in the last three months. For clarification, the overall stress 176 
measured with the TICS-SSCS is labeled as Overall Stress-TICS. The scales range from 177 
0 (never) to 4 (very often) and in the end, an average score can be calculated. The 178 
internal consistency for the TICS-SSCS was α = .91 for this sample. Validity 179 
examinations of the questionnaire were performed under discriminant and convergent 180 
aspects. Data were assessed with different samples and thematically related instruments 181 
regarding acute stress, chronic stress, and psychological constructs (Schulz et al., 2004). 182 
 183 
Procedure 184 
The participants were asked to complete a questionnaire package comprising sections 185 
for the social, pain, activity, and stress anamnesis. Data were assessed via a longitudinal 186 
approach at two time points, with a six-month interval between the measurements (T0; 187 
T1). Participants for the study were recruited in two different ways. First, 188 
physiotherapists, sport therapists, and chiropractors from X were contacted. They 189 
informed clients with LBP about the study. Interested individuals participated in a 190 
telephone survey and were screened for the abovementioned inclusion and exclusion 191 
criteria. All participants gave their written consent before they took part in the survey. 192 
After that, the suitable participants received the entire questionnaire package in paper-193 
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pencil form. The second approach was via an online delivery of the questionnaire 194 
package using the software EFS Survey by Questback GmbH. A link to this online 195 
version was launched on different websites of German sport federations (e.g., regional 196 
and national base camps) together with basic information about the study. A great 197 
variety of federations was originally contacted to allow for a diverse sample of athletes 198 
gathered from disciplines like archery, volleyball, hockey, or soccer (see Table 1). 199 
Inclusion and exclusion criteria were checked at the beginning of the online 200 
questionnaire. For their informed consent, participants had to click on a button on the 201 
first page of the online version. At the end of the study, the participants were 202 
compensated with a 10 Euro voucher and received feedback about general outcomes of 203 
the study. The study was approved by the Medical Ethic Committee of the X. 204 
 205 
Data analysis  206 
A response pattern check of the answers was performed with the entire dataset. Several 207 
researchers scanned the dataset and looked for irregularities in the data input. This 208 
process was conducted with regard to the range of the items and with regard to logical 209 
errors in combined items. Three invalid cases were identified and subsequently 210 
excluded. As a next step of the data preparation, an outlier analysis was performed 211 
based on the guidelines summarized by Iglewicz and Banerjee (2001). Next, 212 
chronification indices for relevant variables were determined by calculating the 213 
differences between the chronification values of the two measurements (T1 - T0). 214 
Subsequently, two dichotomous groups were formed (chronification/no-chronification). 215 
The athletes with a positive or zero value were assigned to the chronification group, as 216 
these values were equivalent to an increase of chronification or a steady chronic level of 217 
LBP. Athletes with negative values were allocated to the no-chronification group, as 218 
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negative values reflected a reduction of the chronification. This procedure was 219 
performed for the variables Characteristic Back Pain in the Last Three Months, Average 220 
Back Pain in the Last Three Months and Disability Score in the Last Three Months in an 221 
identical manner.  222 
Statistically, eight one-way ANCOVAs were conducted for each of the three 223 
chronification indices. The two groups of each chronification variable were separately 224 
examined for differences in the stress parameters. To control for potential biasing 225 
differences at T0, the respective chronification value of each chronification group at T0 226 
was included as a covariate (e.g., Characteristic Back Pain in the Last Three Months at 227 
T0). Due to the high number of group comparisons via ANCOVAS, adjustments for 228 
multiple testing via the Bonferroni method are frequently recommended. Nevertheless, 229 
we refrained from applying this procedure as it would have led to a considerable 230 
increase of type II errors (i.e., the probability of accepting the null hypothesis when the 231 
alternative is correct). Another pitfall of the Bonferroni adjustment refers to the 232 
interpretation of the findings. According to Perneger (1998), the outcomes highly 233 
depend on the number of other tests performed. In this study, we approach a rather new 234 
field of research and therefore conduct plenty of group comparisons in an explorative 235 
way. 236 
Finally, all assumptions for applying ANCOVAs as statistical procedure were checked 237 
with a preliminary analysis. The main prerequisites regarding sample size, measurement 238 
level, normality, homogeneity of regression slopes, and homogeneity of variances were 239 
satisfactorily met. All analyses were conducted using SPSS Version 22.0 (SPSS, Inc., 240 
Chicago, IL).  241 
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RESULTS 242 
One hundred and thirty-nine individuals have been classified as athletes based on the 243 
inclusion criteria, but the group sizes in the analyses varied due to missing data 244 
regarding some parts of the questionnaire battery. Presumably, this occurred because 245 
some participants did not fill in the questionnaires with sufficient thoroughness. Central 246 
characteristics of the investigated sample are portrayed descriptively in Table 1.  247 
  248 
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Table 1 249 
Selected Characteristics of the athletic sample 250 
Variable of Interest Mean ± SD/Number of responses 
LBP Duration 914.4 ± 1505.4 days 
Type of Sport Archery (n = 13) Hockey (n = 10) Volleyball (n = 10) 
Sport as Profession Yes (n = 14 ) No (n = 125 ) 
Note. Only the three most frequent types of sports are listed.  251 
 252 
The subsequent group comparisons are organized with respect to the chronifcation 253 
categories of pain and disability. Characteristic Back Pain in the Last Three Months and 254 
Average Back Pain in the Last Three Months represent the pain scales, whereas 255 
Disability Score in the Last Three Months described disability.  256 
The ANCOVA for the Characteristic Back Pain in the Last Three Months variable 257 
yielded significant results for two dependent variables. As a covariate, the 258 
Characteristic Back Pain in the Last Three Months levels at T0 were included. Physical 259 
Complaints significantly differed between the groups, F(1,134) = 6.03, p = .015, ηp2 260 
= .04, with the covariate also showing a significant influence, F(1,134) = 44.37, p 261 
< .001, ηp2 = .25. Furthermore, the athletes differed in their Overall Stress-TICS levels, 262 
F(1,125) = 5.40, p = .022, ηp2 = .04. Again, the covariate also became significant, 263 
F(1,125) = 10.25, p = .002, ηp2 = .08. The remaining dependent variables did not reveal 264 
any significant group differences for chronification (Table 2). 265 
266 
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The ANCOVAs for chronification vs. no-chronification regarding Average Back Pain in 267 
the Last Three Months included the covariate Average Back Pain in the Last Three 268 
Months at T0. A statistically significant group difference was found for Physical 269 
Complaints, F(1,134) = 3.99, p = .048, ηp2 = .03. In this ANCOVA, the covariate also 270 
showed a significant impact, F(1,134) = 35, p < .001, ηp2 = .21. For Overall Stress-271 
TICS, the groups also differed, F(1,125) = 8.07, p = .005, ηp2 = .06. A comparable result 272 
was identified for the covariate, F(1,125) = 16.33, p < .001, ηp2 = .12. The descriptive 273 
values are listed in Table 2. 274 
  275 
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Table 2 276 
Descriptive Group Comparisons for Characteristic Back Pain and Average Back Pain 277 
in the Last Three Months 278 
 Chronification group  No-chronification group 
Dependent 
Variables    
Cronbach’s α Characteristic 
Back Pain 
(n = 44/40)a 
Average 
Back Pain 
(n = 60/57)a 
Characteristic 
Back Pain 
(n = 93/88)a 
Average 
Back Pain 
(n = 77/71)a 
General 
Stress  
α = .88 1.62 (1.18) 1.54 (1.10) 1.31 (1.12) 1.30 (1.18) 
Emotional 
Stress  
α = .75 1.70 (0.78) 1.63 (0.81) 1.54 (0.91) 1.57 (0.92) 
Social Stress  α = .90 1.85 (1.15) 1.77 (1.13) 1.74 (1.12) 1.78 (1.14) 
Conflicts/ 
Pressure  
α = .67 2.20 (0.95) 2.20 (1.01) 1.99 (1.01) 1.95 (0.97) 
Fatigue  α = .79 2.19 (1.12) 2.13 (1.14) 2.06 (1.09) 2.08 (1.10) 
Lack of 
Energy  
α =.68 1.87 (1.14) 1.80 (1.01) 1.84 (0.91) 1.89 (0.96) 
Physical 
Complaints  
α = .73 2.34 (1.17)* 2.20 (1.12)* 2.00 (1.01) 2.03 (1.03) 
Overall 
Stress-TICS 
α = .91 1.78 (0.84)* 1.73 (0.76)** 1.53 (0.66) 1.51 (0.69) 
Note. The values in the columns show the mean and standard deviation of each stress parameter in the 279 
respective group.  280 
aThe second n-value in the brackets refers to the distribution of the Overall Stress-TICS. 281 
*p < .05. **p < .01. 282 
 283 
No statistically significant result was obtained for the disability measure Disability 284 
Score in the Last Three Months. 285 
  286 
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DISCUSSION 287 
The aim of the present study was to examine stress parameters in athletes with regard to 288 
different indicators of LBP chronification. It was hypothesized that the individuals with 289 
an increase or steady level of chronification between T0 and T1 should show higher 290 
stress levels at T0, compared to the athletes with a decline of chronification. 291 
To a certain extent, the outcomes support the initial hypothesis that higher stress levels 292 
are associated with a chronification of LBP. Group differences occurred for two stress 293 
variables (Overall Stress-TICS, Physical Complaints) with regard to the pain 294 
chronification indicators (Characteristic Back Pain in the Last Three Months, Average 295 
Back Pain in the Last Three Months).  296 
No statistically significant relationships between stress parameters and the disability 297 
measure were yielded. Notably, all mean values of the reported stress variables were 298 
higher in the chronification group compared to the no-chronification group across all 299 
chronifcation indicators.  300 
 301 
Interpretation of the outcomes  302 
The findings of the Overall-Stress-TICS scale suggest that individuals with a higher 303 
stress level within the previous three months of T0 reported an increase of LBP between 304 
the measurements. Pain which is related to chronification was therefore predicted by 305 
elevated chronic stress stemming from different factors (e.g., work, leisure time). A 306 
constant stress burden may have led to changes in the pain perception and the awareness 307 
of pain in the lower back area in athletes. Research shows that stress-induced chronic 308 
pain can stimulate alterations in neuronal networks with attentional shifts towards pain 309 
(Simons, Elman, & Borsook, 2014; Standaert et al., 2004; Wiech et al., 2008). Neural 310 
and muscular structures in the lower back reveal a higher proneness to chronic pain 311 
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(Punnett et al., 2005; Wheeler, Schneck, Talavera, Halsey, & Berman, 2014). Over time, 312 
a vicious circle of pain-stress reactivity establishes, because ongoing pain fosters 313 
stressful experiences for the affected athletes (Gatchel, Peng, Peters, Fuchs, & Turk, 314 
2007; Melzack, 2005). Although studies report a higher pain tolerance and more 315 
adaptive pain coping for athletes (Daniels et al., 2011), the current results indicate that 316 
heavy stress may generate an increase of LBP for athletes in this sample. Another 317 
interpretation of the findings suggests that the quality of pain leading to a chronifcation 318 
might have produced more stress for the affected athletes. Nevertheless, the significant 319 
differences for the Physical Complaints scale underline the role of stress, which is 320 
related to physical sensations. A higher overall stress burden may have manifested in 321 
physical stress and physical problems (e.g., other musculoskeletal disorders), which 322 
promote a chronification of LBP (Ramond-Roquin et al., 2015). Physical stress can be 323 
characterized as a predominantly sport-related phenomenon, presumably related to the 324 
anatomical region of the LBP (Apostolos, 2013; Trainor & Trainor, 2004). As athletes 325 
typically have to deal with exceptionally high physical demands and strains, higher 326 
somatic stress loads can result. Maladaptive mental and physiological processes might 327 
be stimulated that favor the development of LBP. Without sufficient recovery, these 328 
physical problems may lead to detrimental outcomes, such as overtraining (Angeli, 329 
Minetto, Dovio, & Paccotti, 2004; Hausswirth et al., 2014; Main, Dawson, Grove, 330 
Landers, & Goodman, 2009), injuries (Ivarsson, Johnson, Lindwall, Gustafsson, & 331 
Altemyr, 2014; Laux et al., 2015; Storheim & Zwart, 2014), or a persistent pain-related 332 
LBP burden in the current sample. 333 
Notably, significant associations between stress parameters and a LBP chronification 334 
were only found for pain-related chronification indicators, but not for the disability 335 
measure. A possible reason for this outcome might be that athletes are unaware of their 336 
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stress levels, which may play an indirect role by initiating physiological processes that 337 
increase pain. Stress therefore modifies the development of pain. With disability, the 338 
athletes in the chronification group did not show a higher stress level than those in the 339 
no-chronification group. Possibly, stress did not have an impact on the perceived 340 
disability, because athletes are constantly confronted with challenging situations. They 341 
are used to deal with external and internal stressors without feeling limited by them. 342 
Another explanation targets the role of pain and disability with regard to back pain. The 343 
review of Wiech et al. (2008) states that the relationship of pain and disability is 344 
mediated by several factors. For example, psychological stress mediates the effect of 345 
pain on disability. The direction of this mediation could have been different in this 346 
sample of athletes, with pain mediating the effect between stress and disability 347 
associated with LBP. 348 
In the context of this study, athletes displayed pain chronification together with higher 349 
stress levels at T0, both for the overall stress and the physical component. 350 
Within the general population, several studies have identified a considerable association 351 
between psychological stress and chronic LBP (Linton & Shaw, 2011; Scholich, 352 
Hallner, Wittenberg, Hasenbring, & Rusu, 2012). Nevertheless, a relationship between a 353 
chronification of LBP and increased stress levels has not been precisely studied among 354 
athletes up to the present moment.  355 
 356 
Limitations and future directions  357 
The chronification measurements were conducted at two time points, whereas the stress 358 
parameters were exclusively assessed at T0. This procedure was in line with other 359 
studies in the context of LBP chronification (Hampel & Moergel, 2009; Mehling et al., 360 
2011; Waddell, 2006). Nevertheless, the findings from the measurement design of this 361 
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study only provide partial support for chronification over time. With the included 362 
measures, the picture of the last three months with regard to LBP pain and disability 363 
was considered. Referring to this data, it cannot be stated how the individual level of 364 
LBP chronification was between the time points. Variations might have occurred with 365 
regard to the stress levels, which were solely assessed at T0.  366 
Moreover, a random group allocation of the participants or an experimental examination 367 
of the influence of stress did not occur. Future designs should include baseline 368 
measurements and interventions for the assessment of causal relationships (e.g., a 369 
comparison between athletes and nonathletes via a stress reduction program). This 370 
approach is suggested by Bongers, Ijmker, van den Heuvel, and Blatter (2006) as well 371 
as Reese and Mittag (2013). 372 
Finally, due to the study design and heterogeneous sample of athletes, the results and 373 
conclusions of this study cannot be generalized. Hence, the association of the group 374 
comparisons is relatively weak considering the respective effect sizes, which ranged 375 
between ηp2 = .03 - .06. In line with the literature, these effect sizes can be characterized 376 
as small with respect to the practical interpretability (Ferguson, 2009; Vacha-Haase & 377 
Thompson, 2004). 378 
In future studies, it is necessary to investigate the relation between stress parameters, 379 
LBP chronification, and sport activity to challenge or affirm the findings of this study 380 
(Kovacs, Abraira, Zamora, & Fernández, 2005). The impact of stress should be studied 381 
among athletes whose chronification stage can be characterized as subacute, in order to 382 
observe the influence of stress patterns for a transition into a chronic state. Besides, 383 
potential differences between different sport types should be examined, as every sports 384 
discipline requires a specific profile with respect to the athletes’ psychological and 385 
physiological capacities. 386 
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Conclusions 387 
This study enhances the understanding of the genesis of chronic LBP among athletes, 388 
with a special focus on the stress concept. Somatic aspects of stress were more 389 
pronounced for athletes with an ongoing chronification process, compared to emotional 390 
or social facets of stress. The present results might serve as a starting point for further 391 
investigations with regard to the stress load of athletes and the development of injuries, 392 
chronic diseases, and LBP. Clinicians and coaches could equally benefit from the 393 
findings under a practical perspective. With the knowledge of psychological stress 394 
contributing to a detrimental LBP development, preventive steps could be pushed ahead 395 
via the diagnosis and monitoring of recovery and stress states of athletes. 396 
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Highlights for article  
Parameters of low back pain chronicity among athletes: 
Associations with physical and mental stress 
 
• Low back pain (LBP) chronification is associated with stress in athletes 
• Physical stress plays a predominant role for athletes’ perceived pain 
• The findings pronounce the value of biopsychosocial approaches for LBP in athletes 
• Monitoring of athletes’ stress seems to be important to prevent chronic LBP   
